Abstract: Postpartum depression (PPD), as a common complication of childbearing, could have adverse consequences on mothers, children, and families. This cohort study aimed to assess the association between duration of folic acid (FA) supplementation during pregnancy and the onset of PPD in Chinese women. A total of 1592 participants were recruited, and data collected between July 2015 and March 2017 in Tianjin, China. Participants' baseline data were collected regarding socio-demographic and lifestyle characteristics, obstetric history, and FA supplementation during pregnancy. The Chinese version of the self-rating depression scale was used to assess depressive symptoms at 6-12 weeks postpartum, and the prevalence of PPD in participants was 29.4%. Pregnant women who took FA supplements for >6 months had a lower prevalence of PPD, compared to those who took FA for ≤6 months. After using the 1:1 ratio propensity score matching, 601 FA-users ≤ 6 months and 601 FA-users > 6 months were included in the further analyses; this also yielded similar results (P < 0.05). Logistic regression analysis showed that FA intake for >6 months was an independent determinant of PPD (odds ratio = 0.76; 95% confidence interval: 0.59-0.98; P < 0.05). Thus, prolonged FA supplementation during pregnancy was associated with a decreased risk of PPD in Chinese women.
Introduction
Depression is a major mental health problem and is the leading cause of disability worldwide [1, 2] . According to the World Health Organization (WHO), more than 300 million people suffer from depression worldwide, and it is more common among women than men [1] . Postpartum depression (PPD), as a common complication of childbearing, is defined as an obvious depressive symptom or a typical depressive episode within 1 to 12 months after delivery [2] [3] [4] . Due to differences in assessment tools, research methods, survey time points after childbirth, and countries of study samples, the prevalence rate of PPD varies widely worldwide. Previous systemic reviews reported that the prevalence of PPD ranges from 0% to 60% based on 40 countries in 2002 [5] , and from 3.5% to 63% based on 17 Asian countries between 1998 and 2008 [6] . The symptoms of PPD include reduced interest, poor concentration, sleep deprivation, altered eating pattern, sadness, hopelessness, anxiety, and irritability [1] [2] [3] 7] . Thus, PPD constitutes an adverse consequence for mothers, children, and families [2, 3, [7] [8] [9] . For mothers, PPD is associated with adverse health outcomes (e.g., mental by face-to-face interviews. A total of 1914 women, who delivered a singleton foetus, were recruited in this study, while 322 of them were excluded: 58 women had missing data regarding socio-demographic and lifestyle factors, obstetric history, and FA supplementation; 129 women did not use FA during pregnancy; and 135 women used FA in the preconceptional period only. Finally, 1592 participants who took FA supplements during pregnancy were involved in the further analysis ( Figure 1 ). All participants provided informed consent in writing. The protocol of this study was approved by the Ethics Committee of the Tianjin Medical University.
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Depressive Symptoms
The Chinese version of the Self-Rating Depression Scale (SDS) was used to assess depressive symptoms. There were 20 items in the SDS, including 10 positive items and 10 negative items. Each item was scored on 4-point scale to evaluate the frequency of symptoms: "1" none or a little time; 
The Chinese version of the Self-Rating Depression Scale (SDS) was used to assess depressive symptoms. There were 20 items in the SDS, including 10 positive items and 10 negative items. Each item was scored on 4-point scale to evaluate the frequency of symptoms: "1" none or a little time; "2" a small part of the time; "3" a lot of time; "4" most of the time. The raw score was a sum of the scores from the 20 items, which was multiplied by 1.25 to yield the standard score [20, 21] . Based on the standard score, a cut-off point of 50 was used to define depression symptoms among the participants: no depression (<50), and depression (≥50) [21] [22] [23] . Furthermore, a higher score reflected more severe symptoms of PPD.
Folic Acid Supplementation
A self-reported questionnaire was used to collect the information on FA supplementation during pregnancy, including the supplement brand name, the time of supplement initiation and termination, intake duration, frequency, and dose. Participants were assessed about their FA supplementation status during pregnancy by using their recall response. FA users included those who used FA supplements, as well as those who used FA-containing multivitamins. Among 1592 participants, 803 (50.4%) participants took FA supplements during pregnancy for a duration of 3 months or less, 146 (9.2%) took FA supplements during pregnancy for a duration 4-6 months, and 643 (40.4%) took FA supplements during pregnancy for a duration of more than 6 months. According to the feature of the FA supplementation's duration in this cohort, participants were divided into two groups: FA-users ≤ 6 months and FA-users > 6 months.
Covariates
A general health questionnaire was used to collect information on demographic characteristics, lifestyle, and obstetric history. Education level was classified into three categories: ≤12 years, 13-16 years, and >16 years. Household income, which was the total monthly income for all family members, was divided into three categories: <5000 Chinese Yuan (CNY), 5000-10,000 CNY, and >10,000 CNY. The variable "live with parents" (own parents and/or parents-in-law) was classified into two categories: yes and no. Parity was divided into two categories: primipara (no previous children) and multipara (≥1 previous child). Delivery mode included vaginal birth and caesarean birth, and gestational age at delivery was divided into two categories (<37 weeks and ≥37 weeks).
Statistical Analysis
All analyses were conducted using the Statistical Package for the Social Sciences software version 22.0 (SPSS Inc., Chicago, IL, USA). The chi-squared test and independent-sample t test was used to assess differences in participants' characteristics and depressive symptoms stratified between FA-users ≤ 6 months and FA-users > 6 months. Propensity score matching (PSM) was used to minimise the effects of confounding variables related to differences in the two groups of participants (FA-users ≤ 6 months and FA-users > 6 months), in order to assess the association between duration of FA supplementation and the onset of PPD. Propensity is the probability of inclusion into the two groups (FA-users ≤ 6 months and FA-users > 6 months) depending on the respective participants' characteristics. The propensity score is the predicted probability for each participant from a logistic regression model with the duration of FA usage as the dependent variable and all the participant characteristics as independent variables [24] . Propensity scoring generates a single score based on the observed covariate data to effectively match women from different groups. In this study, propensity scores were calculated by using a logistic regression model and the following covariates: age, education, household income, live with elders, parity, delivery mode, and gestational age at delivery. Thus, the distributions of characteristics were similar between FA-users ≤ 6 months and FA-users > 6 months. We did a 1:1 nearest neighbour matching with a caliper distance of 0.02. The caliper is a preset range of PSM. When the difference of propensity score between subjects in two groups is within this range, these two subjects could be matched. Common values of caliper are 0.005, 0.01, 0.02, 0.03, and 0.1 [25] . According to the results of PSM, a total of 1202 women (601 FA-users ≤ 6 months & 601 FA-users > 6 months) were involved in the further analysis (Figure 1) . The association between the duration of FA supplementation and PPD would be examined by comparing the matched data. Pearson's chi-squared test and independent-sample t test was used to compare PPD prevalence rates between two propensity score-matched groups. Finally, logistic regression analysis was used to estimate the odds ratio (OR) and 95% confidence interval (CI), in order to further confirm the findings of the PSM. Age, education, household income, live with parents, parity, delivery mode, and gestational age at delivery were evaluated for inclusion in the logistic regression model. P-values < 0.05 was considered statistically significant.
Results
A total of 1592 women were enrolled in this study, and the mean age of participants was 31.03 years (standard deviation (SD) = 3.81, age range: 21-43 years). Approximately 90% of participants had post-secondary education, and 68% of the women earned a household income of 10,000 CNY and less. Approximately 30% of participants lived with their parents, including their own parents and/or parents-in-law. More than 70% of the women were primiparous, and over half of the infants were delivered via caesarean birth. Only 5.4% of the infants were premature. Among the 1592 FA-users, 643 (40.4%) took FA supplements during pregnancy for a duration of greater than six months. Women with FA supplementation >6 months were older, had higher education levels, and higher household income (P < 0.05) ( Table 1) . Among these 1592 women, 29.4% were identified as having PPD. The prevalence of PPD was significantly higher among participants who reported taking FA for a duration of 6 months or less during pregnancy than those who reported taking FA for a duration of more than 6 months during pregnancy (P < 0.05) ( Table 1) . According to results of PSM, a total of 1202 women were involved in the further analysis. After adjusting for propensity scores in the current analysis, there were no significant differences in the baseline characteristics of the women in both groups (FA-users ≤ 6 months and FA-users > 6 months) (P > 0.05). The prevalence of PPD decreased from 32.2% to 30.6% among women with a period of FA intake of 6 months or less, and increased from 25.2% to 25.3% among women with a period of FA intake of more than 6 months; these differences in both groups were statistically significant (P < 0.05) ( Table 2) . Table 2 . Characteristics of study participants and prevalence of PPD according to the duration of FA supplementation after propensity matching (n (%)).
Characteristics

FA-Users ≤ 6 Months
FA-Users > 6 Months P a n = 601 n = 601 From the results of the logistic regression analysis, the intake of FA for more than 6 months was an independent determinant of PPD, with an OR of 0.76 (95% CI: 0.59-0.98, P < 0.05) (Table 3) . Thus, FA supplementation for more than 6 months during pregnancy was associated with a decreased risk of PPD. 
Discussion
Depression is one of the most common and severe mental disorders worldwide, with a prevalence rate in females 2-to 3-times higher than in males [1, 3, 16] . It has been indicated that the incidence of depression is high during puberty, as well as the premenstrual, periconceptional, and menopausal periods [1, 3] . Particularly, PPD as a special form of depression has become a significant public concern. Numerous previous studies have reported prevalence rates of PPD in women from different countries. According to study results in Chinese women, the incidence rate ranged from 6.5% to 30% [7, 9, 26, 27] . Several studies have reported that the prevalence rate of PPD in Canadian, Malaysian, American, Vietnamese, and Korean women is 8.0% [28] , 14.3% [29] , 15.4% [30] , 19.3% [4] , and 36.3-36.7% [31] , respectively. The present findings show that the prevalence rate of PPD is 29.4% in women who took FA supplements during pregnancy. In present study, women, who did not take FA supplements during pregnancy and took FA supplements in the preconceptional period only, were excluded. The reasons are as follows. Firstly, the aims of this study are to assess the association between the duration of FA supplementation during pregnancy and the onset of PPD 6-12 weeks after delivery in Chinese women. Secondly, these are not common phenomenon in China, that women do not take FA supplements or took FA supplements in the preconception only. The Chinese government places a high priority on promoting the prevalence of periconceptional FA supplementation. In China, reproductive women are recommended to take 400 µg/day of FA supplementation from three months preconception until the end of the first trimester of pregnancy by the National Health and Family Planning Commission [32] . Moreover, free FA supplements have been provided to reproductive women living in rural areas by a national project "folic acid supplementation to prevent neural tube defects" since 2009 [32] . Therefore, small sample sizes of women who never used FA supplements, or use FA supplements in the preconception only, are generated. If women who never used FA supplements or used FA supplements in the preconception only are included in this study, the unbalanced sample size will influence the statistical power of results. Thus, this study focuses on women who took FA supplements during pregnancy.
According to previous studies worldwide, the determinants of PPD have included demographic factors, socio-economic status, family history and social support, environmental and cultural factors, nutrients, inflammatory factors, hormones, and biological factors [1-6]. Several investigations reported that folate level was associated with cognitive function and depression in the general population [12] [13] [14] [15] , while few previous studies focused on the relationship between folate and PPD [11, 16, [33] [34] [35] . However, the results of studies on the relationship between FA supplementation during pregnancy and the onset of PPD are conflicting. FA supplementation during pregnancy has been identified as a protective factor for PPD in some studies [11, 16] , while others failed to establish a link between FA supplementation and PPD [33] [34] [35] . For example, Lewis et al. [11] reported that women who took FA supplementation during pregnancy had lower scores for depression 21 months postpartum, compared to women who did not take supplements. Behzadi et al. [16] also identified FA as preventing the onset of antepartum depression and PPD in a previous study. In contrast, a cohort study in Singapore showed there was no difference in maternal folate levels between participants with and without PPD [33] . Miyake et al. [34] found no association between dietary FA intake during pregnancy and PPD in Japanese women with inadequate folate intake. Blunden et al. [35] reported that red blood cell folate concentrations, which were measured before pregnancy and during the first trimester, were not associated with PPD. In this previous study, the average time interval between the measurement of red-cell folate during pregnancy and screening for PPD was one year; hence, folate levels in the postpartum period were not consistent with the folate level in early pregnancy. Significantly, investigations regarding the association between the duration of FA supplementation during pregnancy and the onset of PPD are limited. According to a previous review involving 36 countries, the recommended duration of FA supplementation during pregnancy varies for different countries; however, no consensus has been reached regarding this issue [36] . The aim of this study was to examine the association between the duration of FA supplementation during pregnancy and the onset of PPD, in order to provide useful information regarding appropriate duration of FA supplementation during pregnancy. The present findings show that long-term FA supplementation (>6 months) during pregnancy is significantly associated with a lower prevalence of PPD. This result not only demonstrates the relationship between FA supplementation during pregnancy and PPD, but also emphasises the importance of long-term use in order to ensure that FA reaches significant levels in the body to activate physiological function.
Regarding socio-demographic factors linked to PPD, existing studies have assessed predictors of socio-economic status, demographic factors, lifestyle, and obstetric history [7] [8] [9] [10] . Based on previous literature, populations with higher prevalence of PPD were more likely to be women with lower education levels, lower household income, poor relationship with family members (e.g., husbands, parents or parents-in-law), primiparous, who had undergone caesarean delivery, and delivered premature babies [7] [8] [9] [10] . Furthermore, previous studies have also reported that FA supplementation during pregnancy could be influenced by childbearing age, maternal education level, household income, and parity [37] [38] [39] . Women who reported using FA supplements for a longer duration tend to be older, with higher education level, with higher family income, and primiparous [37] [38] [39] . Therefore, the present study factored in covariates into the analysis, including age, education, household income, living with parents, parity, delivery mode, and gestational age at delivery. The present results showed that women with FA supplementation for more than 6 months during pregnancy tended to be older, had higher education levels, and higher household income (P < 0.001). Thus, PSM was used to minimise the effects of confounding variables related to differences in the two groups of participants (FA-users ≤ 6 months and FA-users > 6 months), in order to assess the association between the duration of FA supplementation during pregnancy and the onset of PPD. PSM is widely used in statistical analyses, and can effectively match participants from different groups [24, 40] . To the best of our knowledge, this study is the first to apply PSM in evaluating the association between the duration of FA supplementation during pregnancy and the onset of PPD. After using PSM, the two groups (FA-users ≤ 6 months and FA-users > 6 months) were comparable after controlling for multiple variables, including age, education, household income, living with parents, parity, delivery mode, and gestational age at delivery. The results after adjusting for propensity scores showed that longer durations of FA supplementation during pregnancy were associated with a lower prevalence of PPD. The logistic regression analysis also yielded similar results.
The main strength of this study is that it provided useful information regarding the effect of the duration of FA intake during pregnancy on the onset of PPD. It demonstrated that populations with FA usage more than 6 months during pregnancy had a lower PPD prevalence. Also, this study included a large number of participants, and balanced the confounding factors more efficiently by using PSM, which could reduce the level of bias due to confounding variables [24, 40] . PSM could include more confounders, be a better solution of eliminating collinearities, and obtain an estimate of treatment effect which is closer to the true average treatment effect, compared with logistic regression model [41] . Thus, the present findings were more objective and accurate.
There is no denying that this study has a few limitations. First, recall bias was possible, because the data on FA supplementation was collected 6-12 weeks after giving birth. The face-to-face interviews were conducted by professional and well-trained investigators, in order to obtain more accurate information. Second, this study investigated FA supplementation, but dietary folate and serum folate levels were not measured. The serum folate levels depend on dietary folate and FA supplementation. Serum levels of folate and Hcy should be assessed in future studies. Third, the SDS was used as a screening tool, but clinical diagnoses were lacking. Although SDS scores are inconsistent with clinical diagnoses, the total scores showed depressive symptoms to be related to clinical outcomes [22] . Moreover, the SDS was designed for the general population, and may be less sensitive during the screening of pregnant women. However, previous literatures have confirmed that the SDS can be used to evaluate depression among women post-delivery [42] [43] [44] . Finally, although several covariates were included in the matching process, more confounding factors should be assessed in future research. For example, antenatal depression and PPD might be a continuum reflecting an underlying chronic condition among women during pregnancy and thereafter [3, 7, 22] . The unmeasured factors may have an impact on the observed association. Therefore, we suggest that future studies could assess these unmeasured confounding factors further.
Conclusions
This study showed a high prevalence rate of PPD among Chinese women. FA supplementation for more than 6 months during pregnancy was found to be associated with a decreased risk of PPD 6-12 weeks after delivery in Chinese women. The finding provides new information regarding the potential beneficial effect of long-term FA usage during pregnancy.
